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l. SLUIMMARY

OnMarch 27, 1986, the Nationd Inditutefor Oocupetiond Seety and Hedlth (NIOSH) recaved areguest from
Mid-AmaicaDarymen, Inc. to evdugterearatary illnessthet oocured infivewarkasbawean Augug 1985ad
March 1986 & thar whey processing plant in Monett, Missouni. Betwean August and Novembar 1985, four of the
fiveemployessdevdgped aniliness dheradterized by dry cough, dhedt tightness fatigue, shortnessof breeth, and
weaghtlos Of thesefivewarkears four werediagnosed with hypersansitivity pneumonitis(HP) and onewes
dagnossd with eghma

OnMay 2810 29, 1986, NIOH investigators conducted aninitid walk-through urvey & theMongtt plart.
Rarsord (brething zone) and areaar samplesweare adlledted for hydrodhlaric add (HC!) rdlessad during bulk add
unlcedng a theplat. Theaneparsord ar samplehed atimeweaghted average (TWA) concantraion of 044
milligiamspa aic mear (mgih'?). Concantrationsof HA from fiveareadr samplesranged fromnat detectable
(ND) to 0.21 mgfir®. The Ooaupetiond Sefety and Heelth Administration (OSHA) Pamisshle Exposure Lt
(FEL) and the American Confarence of Govemmanid Indudrid Hygiengs (ACGIH) Threshdd Limit Vadue
(TLV*) for HQ is7 mgfi? for a15-minute exposUre besed on the SUbdianoesiitant propartties. Thareisno
NIOSH Recommendsd ExpoaureLimit (REL) for HC.

Toidmtify aarosdlized micrabidogicd goedeswhich may haveled to thedevd opment of regairdary illness ar
smpeswaeadleded from differat aress of the plant during fdllow-up vists and tested for gronth of fung),
themophilic adinomyoetes and mesophilicbedigia. Areasamplesweare cdlledtad a alocation famrally usad for
dedrodidyss(ED) dack mantenance, ajob pafomed by thefour enployessdiagnosed with HP. Samplesweare
dso adlledted in the peteln zation and whey sgparation rooms and & locaionsauigdetheplart.

Air ssmpleadyssfar visde argeansms showed thet thefungel bidourden a theManett plart, inthearesswihere
smeswereadleded, fdl inthefdloning fivecommon eviromantd mad genera: Gladogparium, Bandllium,
Fusaium, Altaraia, and Agoaglius. Thelowest total fungd count (169 adany famning units (CRUYnY) was
aaaned inthefamer dadk meintenenceroom, refleding thelow adivity levd inthisarea. Thepetierizationroom,
wharesack maintenanceis cumently performed, registered the highest fungdl count (1,746 CFUIN). Badteriaand
thamophilic adinomycetesidantified inthedr samplesindudied Microoooous, Sreptomyces and Badlius: Although
no authoratative evaugtion aritariafor acogaibleexpoaureto micobidogicd aarosdsaurently exis, the ACGIH
Committee on Bioaerasols hes proposad atotd vishlemicroorganiam count of 10000 CRU/N or more, or colony
oounisof any onegpedesof fungus adinomycetes or bectariain excess of 500 CRU/NY, asrecyiring remedid
adion

Cutureswere datained from bulk samples of cheese curd, whey, and memirane dadk dgposits: A heavy growth
o Gaarichium 9. and Candidasp. wereidentified from the gack deposit adltures: Ranidillium roouefarti quickly
ovagen cheeeaurd samples adlledted & the plant and dlowved to gpail inadeile container & room temparature

Thewarkaswho becareill duing thefdl andwinter of 1986 wereintaviewed, sswerethar physdans A
completediagnodic prdfilewas nat availadleon dl waorkers however, donommd blood ges, X-ray, and pumonary
fundion testsapparted the diagnods of HP. Theooourence of Immunogiobin G (IgG) antibodies (predipiting) to
Ranidllium camambatiinblood samples of three df thefour workers suggested exposLreto agrosdlized mold oores
whichmay beregporsblefor theillnesses

A quesionrdre compleled by 74 of 75 arployessa theplant in August 1986, identified seven (9%0) of the
patidpents as cases, ddfined asfour or more symptoms competiblewith HP, and 61 (82%/%) asnon-cases, ddfined
asthepresence of no marethen onesymptom. Sx workers (8%o) reparted two'to three symptoms
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Thesgafrom 75 workersweretested for predpitinsto 22 antigans induding samples of stack deposits dudt, milk
andwhey praiain, Tharmophile and Rnidlliungp. Theprevdencedf 19G preopiinstoindvidud antigen samples
vaied from 100%6to zero. Theprevaenced predpitinsto Agoagliusfumigaius (100%) and Badllusgp. (80%)
wasunuadly high. Contrd ssumfrom oned the NIOSH invedigatarswes o postivefar AgoagliusfumigeLs
and Badllus 9., Suggedting thet nongpadific binding wesresponslefar thepressnce of predpitinsin thesetwo
anigenextrads All seven cassshed predpitinsto &t leest oneantigen, compered with 15 of 61 non-cases (odds
ratio undfined, p=0.0002, Fisha'sexatt text). Two caseswith multiple preapitinswereamong thefird threedack
mantenencewarkersto be diagnossd with HP.

NIOH invedigatarsdetamined thet illinessamong daok maintenencewarkerswas modt likdly rdated to
agrogdlization of arganic dgpositson thededrodidyss mambranes during deaning. Mambranedadkswatingtobe
deansd can provideanided growth medium for meny micdnidogicd oedes Air samplesadllected during
dedradidyssdack mantenence showed amarked increesein visdlearbome microarganisms nonvviddle protains
weaelikdy to havebesninoressad aswel. Bidogicd and evironmentd sudieswearenat ddleto identify agpeafic

agat o atigen reporsblefor illnessin thesewarkes: Howvever, ar ssmples adllected in Auguet 1986 mey nat
haveadauatdy represanted exposLre condiions during the previousfal and winter, and antibodly levdsinworkers
mey havedaoressed duing thistime: Ventilation for thededrodidyssgack maintenence gparationisdsoussadin
odall in Sedion V1. Recommanddionsfor ather enginering and wark pradice dhenges and for pariodic mediicd
monitaring for Sadk maintenenceworka's areinduded in Sedion X

KEYWORDS SC 2026 (Hud Milk), hydrochiaric add, mad, dedrodidysis vidhledr sampling, hicearosals
fung, bedteria, thermophilic acinomyodtes vientilation, hyparsanstivity preumaonitis


adz1
NIOSH investigators determined that illness among stack maintenance workers was most likely related to
aerosolization of organic deposits on the electrodialysis membranes during cleaning. Membrane stacks waiting to be
cleaned can provide an ideal growth medium for many microbiological species. Air samples collected during
electrodialysis stack maintenance showed a marked increase in viable airborne microorganisms; non-viable proteins
were likely to have been increased as well. Biological and environmental studies were not able to identify a specific
agent or antigen responsible for illness in these workers. However, air samples collected in August 1986 may not
have adequately represented exposure conditions during the previous fall and winter, and antibody levels in workers
may have decreased during this time. Ventilation for the electrodialysis stack maintenance operation is discussed in
detail in Section VII. Recommendations for other engineering and work practice changes, and for periodic medical
monitoring for stack maintenance workers, are included in Section IX.
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INTRODUCTION

OnApil 2, 1986, NIOSH recaved arequest from manegamant a Mid-AmaicaDarymen, Inc., acompary
heedquartered in Sringfidd, Missoun, conoaming regaratary ilinessin fiveworkersbawean Augud 19865ad
March 1986 & ther whey processing plantin Monett, Missoun. Four of thesefiveemployessbecameill betwean
August and November 1985 (two reparted symptomsin Augugt, onein October and onein November 1985).
llInessin thesefour workerswias dheradtierized by dry cough, dhest tightness fatigue, Shortnessof bregth, and weight
loss Thefifthworker, whofird becameill in Felruary 1986, reported Smillar symptoms but o expariencad
nodumd dillsandfevas Four of Sx ful-imeaempoyessinthededrodiayss (ED) daok mentenence degpatmant
weredagnossd with hypersantivity pneumonitis(HP). Onewarker, fromamong 12 inthedheesefinishing
Ogpatment, wesdagnossd withaghma: Al fivedf theaboveenployesswent on extendad medicd leavefdloning
thar illnesses

OnMay 28-29, 1986, NIOSH investigaiars conducted an initid walk-through survey a theMaondt plant.
Production recordswerereviewed, aguesionnarewas adminidered to identify ather workerswho exparienced
s/mptoms evironmentd ar samgling for hydrodhlaric aod (HO) mis wes parformed, and asarorevdence
uvey forimmunogadain G (IgG) predpiinswas conduded to identify exposreto anigansisdlated a theplat. A
fdlow-up vist wes pafomed on Augugt 6-8, 1986 to condudt ar sampling for vihle argerniams, adiminister a
medicd quesionnaire, and adllect blood samplesto test the sroprevalence of antibodiesto arganic antigansisdlated
atheplant. A ssoond fallow-up vist was conducted on Decamber 2-4, 1986 for addtiond medicd and
evironmead sarding

Mid-AmaicaDarymen gparatesasmdle whey processng plant in Fergus Falls Wisoonsn. Howeve,
erployessa thisWisoosn fadlity havenat reported Smiler hedth effeds TheFagusFisplant ulilizesadightly
dffaet dadk memranedeaning tedmiquewhichinvdvesalagewater va inwhichthe ED membranesare
completdy submerged priar to menud iindng with aweater gray to remove mamtrane deposits Incontres,
aemployessa theManett plant deen the ED mambranes onawark teble, fallowed by ahigh povered weater gray
toddodgeand removemambranedgposts Hedrodidysssack maintenenceisdesibed inmoreddal in Sedtion
1.

BACKGROUND

A. Higay of Brddem

From AugLgt 1985 to March 1986, four employessinvaved in desning and meintenence of equipment usd
inwhey demingdization & the Mid-AmaicaDairymen plant in Maonett, Missoun, devdoped adty,
norprocudive cough, exattiond dygones, anarexia, and weght lossranging fram 1010 25 pounds
Affected warkeswaremde, bawean 23-36 yearsdld and previoudy reported to bein excdlent hedth. A
completediagnodic prdfilewas nat availableon dl workers howvever, onommd blood ges, X-ray, and

fundion tedspported the diagnossof dlagicdvedlitis or HP. A lung higpsy fram onedf the
wokeasreveded mutipegranudomeswith lymphooytic, plaamogyticinfiltrates cheradtaidic of intarditid lung
dse Immundogicd dudesidantified [gG antibodies (predpiing) to Banidllium camebati inthreedf the
four workers suggesting thet expoaure to aarosdlized mald gparesmey have bean reponslefariliness Al
four warkesweareinvaved in "dadk meintenence’, themanud dissssambdy and deening of ED mambranes
usd inthedeminardization (purification) of raw whey. Thefifthworker, who reported symptomsand wiss
diagnosed with ashma, worked in the cheese processing areaof theplarnt.

Thethreegack maintenencewoarkesexpaiendng symptoms batwean August and Novamber 1985 weart
onmaiicd leavein Novamber of thet year. Onedf the rglaoament warkers who arted in November

1985, begen reporting resairatary symptomsthefdlioning Februaty. Indll, from August 1985 to February
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1986, four of 9x fulHimedadk maintenencewarkersdevegped resairaary iliness: Although complee
diagnadiic profilesarenat avalladle radiogrgphic evidence o interdtitid lunginfiltratesin threedf thewarkars
Oacresssd puimonary diffusion cgpeatty testsintwo, and transtorondhid bigpsy resultsin oneworker, suppart
thediagnogsaf HP.

Intidly, employesswere conoamed thet warkplaoe expoauretto hydrodhlaric add (HO) wasresponsblefor
tharillnessss. Approximatdy 750 to 900 gdllons of conoantrated HA (38%0 add) isused par 24 hour paiod
todaminadizethewhey. The Oooupetiond Sty and Hedlth Adminisration (OSHA) invetigeted
employesexpoaresto HO duing aplant ingpedionin January, 1986. Although nowarkaswereexposd
toexcessve HO conoanirations high HCO levels (550 pam), indicative of apatentid overexpoauresitugtion,
weaemessrad inan aeaar sample cdllected from an unoooupied add tank doregercom. Theabsencedf a
wet saruber contrd sysem ontheadd tark vertsa thetime of the OSHA survey (Snceingdled by
Mid-Ameica) acoounted far theextramdy high add concantraions

Sack meantenence hed been pafomedinasdl (10x 20x 10 fest) room eguipped with acalling mounted
fanaal unitwhichredraulated 100% dof thercomair. In retrogoedt, NIOSH investigatarsbdievethisarea
ladked an adeguiste upply of fresh meke-yp ar. Manegement responded to theilinessesin Novamber 1935
by damanting, seem dearning, and then rgdadng therearauaing fan aall unit. At thetimed itsramovd, the
filter onthefan call unit wasreparted by both menegamant and employessto beheavily codted with dime
Urfarturetdy, no ssamplesweare adllected from thefan call unit duingitsramove to deradierizethe
miaoddogcd contamingion. Whilethe ventilation unit wasbaing replaoad, the dack maintenence
wasmoved to the adjaoant pesteLrization room (gopraximetdy 40x 60x 10fedt high) a theend of
Novambe 1985. A plat shardicisshomninHgurel

Despitethese changes in Feruary 1986 adadk maintenenceworker, argplecamant for onedf thethree
gack workerswho hed becomeill in November 1985, d o devdloped symptoms: Thiswarker reported
nodumd gaisodesdf dhillsand fevers (which cardated with ED memranedeaning adiviiesduring the
daytime) aswell asdry cough, shartnessof bregth, chest tighinessand weight loss

B. PoossDesxipgion

Thetwo-gary fadlity employsgopraximatdy 75 warke'sin the produdion of dhesseaurd, whey pratain and
powdered milk. Over onemillion poundsaf milk are processad daily, of which 0% becomes cheese curd
and 256 baoomes purified (deminerdized) whey. Raw milk ispesteurized, inoculaed with rengt and a
chesedater mix, addlowedtoarde Thesvest curdistrangported, viapipe, to an adjaoent plart (nat
owned by Mid-AmaicaDarymen) for processnginto cheese: Whey, theliquid by-product of chesse
produdion, contains gpproximetdy 6% dlids: To recover thewhey sdlids which areusad asapratain
updlemant in beby food, thewhey isconoantrated, repestaunzed, and then deminerdized using tartuouspeth
ED mambranes

Unlikesomemethodsof cheese produdtion (for example, bleu and roguefort cheeses), no fungdl aulturesare
usad o nesded inthe produdtion of dheesecurd. Patentid sourcesof fungdl growth identified et theplart are
whey dgpositson the ED mamtranedadkswating to bedesned. Themambranesrequirecondant
expoaretowae when nat in uss, and dthough they mey provideasuiteble environmeant for fungd growth,
thefung would nat beexpedtad to have the opportunity to dry out and agrosdlize

Theareae 16 pantsworldwidewhich use ED to purify whey; four arelocated in United Sates At thisplant
the ED processhes run undhenged Snoegopraximatdy 1983 without indanoes of theilinessssdesribed inthis
invedigetion. Cheesewedhaslung, o
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dheeseworkasdiseese, hesprevioudy been reported dueto Randllium 9. used inor contamingting deee
procudion* It hessddom been reported inthe United Satesbecause of differencssinthechesseaging
process and it hes nat been reparted inwarkersinvaved inwhey purification.

Damingdizaion of thewhey isaccomplished by tartuous{peth ED mambranes A typicd ED mambrang,
dromninHgure2, isessambed into "secks' composed of two hundred dtameting cation and anion exdhange
mambranes sgparaied by Specer gasketls The 18- by 404inch mambranes are manufectured by lonicsinc,
Waatown, MA. Thewhey ispumped from ahdding tank to the Sacks viapipeslocated & thetop of the
dack asamily. A dirett caurant of 440 vdltsisgoplied acossthe sack astheliquid whey flovsthrough thin
(40'2000inch) dhenndsfarmed when the membranes are plaoad ("sacked”) ontop of eech ather. Bxcess
cddumand megnesumianssdedivdy movettrough themambranesino thebrinewededreem. Whey
lids which do nat pessthrough the memioranes are collected in the demingrdlized prodluct sreem.

Three ED dackscompriseaprodudionline(refared toasasid"). At theMaondt plant therewerefour
skids of whichthreewere usad in regular produdtion runsand one used for pratatypesa-ups TheED
process oparaes continuoudy, and gopraximetdy 250,000 poundsof whey aredamingdized dally.

Theravwhey, brinewade, and daminerdized produdt dreamsenter or exit the dadk through pipes
pemitting theentireassambly to bedeenadinplace. Raiadicdly, thethinmambranedranndsbecome
dogged with prateinecsous metaridsand cdldum carbonete deposits; repining ok meintenence”’ to
ramovethismetaid.

After amembrane stack hesbean onlinefor gopraximetdy 10 days it isreplaced with anew "deant” dack.
Theusad ("dinty’") dack ismoved to an edjacant meintenenceroom far menud dissssambly and deening,
whidhispafomadintwo deges Inthefird dage membranesare deaned in placewith seouentid flusing of
water, 5% sodum hydraxide solution, weter, hydrochlaric add, and weter. Inthe ssoond Sege, dack
mentenenceinvaves menud removd of theremaining depositsand ingpadion of theindividldl memraneshby
uptothreeworkers A uility knifeisused to Srgpe dgposits a theedges and afibrous ped isusad todeen
theddicatesurfacesof themamranes A highoressrewdter jet isused to further loosen and ramovetthe
Srgped megid fromthesurface Indvidud membranes areingoected for weer, and dameged and defedtive
onesaergilaosd. TheED mambranes to avaid damege, arenat parmiitted to dry out (new membranesare
goredinprapylenedyad until used). Dissssamidly, desning, and reessambly of adack centekethrestofour
workerstwo daysto complete In addition, dirty dadksmay wait two to four days (or longe) befarebaing
dssssambled and desnedd

C. BuldngyVetildion

Thareaenolocd exnag vertilaion sysemsused by theMonett plant. Indieed, generd vertilationis
provided by intake and exhaud fansStugtad in thelarge prooessing roomslocated onthe parimeter of the
building (pesteLrization, dedrodidysis evgporation, and whey sspardion rooms). Theelargepropdller fans
located inbath thewalsand callings aremenudly contrdled. During adder monthsthefanswould generdly
nat be.operated in order to reduoe heeting codtsby teking advantage of the heet generated by the processing
eguipmant. Caling-mounted seam goece hedtas locatad in severd of the processing aress are sddom used,

Vatilaionfor thefomer location of the daok meintenence gperation (Lntil Novamber 1986) cosded of a
fanraall unit, inddled in asugpended adling, which essantialy redrouiated theroom air without bringing infresh,
ouddear. A dagramd atypicd fanaall sygemisshoanin Hgure 3. Thisunit wesredaoadin Novamber
1985 fdloning thefird reparts of hedith effedsinthe tack meintenencewarkes Thenew

ar-conditioning sysem for thisares, ingtdled in Deoamber 1986, drawsar from ahdiway adjeoat tothe
room.
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EVALUATION DESGN

V.

A.  Bwviromaid

1

Intid SteVist

Air saples(5aeg, 1 parsond) were colledted for hydrochlaric aad (HO) mis on May 28,1986,
during theunlceding of gopraximetdy 2,600 gellons of concentrated HA (38%0HA) from atanker
truck to add doragetankslocated ontherodf of thisthreedory plant. Thisunloeding process
reuining 1.5 hoursto complete, wes parformed eter severd madifications, desgned tominmizeHG
expoaureto thesurounding plant arees, hed bemingtdled by the company. Thesedangesinduded
theusedf adud digohram pump (indeed of compressed air) to trandfer add to therodf Soregetanks
andtherouing df dl add tark vertsthrough awet sorubber (indeeed of direct venting tothe

amogohere). Only onewarker waspatentialy exposed to add mig during thebulk unlceding process

Air ssmpling was condudted during the bulk unlceding of aaod (gopraximetdy 90 minuies) using
adivated slicagd sorbent tubes(ORBO 53) ad asamgling flowate of 200 aulic cantimetarsof ar
par minute Thesampling and andyticdl method used was NIOSH Method No. 7903 for inorgenic
adds Ardyssfor thedlaideionwashy iondrometogrgphy, and thelimitsof deteionand
quantitation for thissample st were 1 and 3micograms of dlaride per sample, regpedively.

Fallow-up Survey, Augud 6-7, 1986

Duing thefird fdlon-up evdugiion areaar sampeswere adlected far fung, thermophilic
adinomyodtes and betariausing bath Andarson two-gageand N-6 (modified Snglegage) vidde
sampasfdloning thepratood auinedinthissedion. Samping timesof 5and 15 minutesfor the
two-dagesamplars and Sminutesfor theN-6 sampler, weresdedtad. The 5-minutesampling pariod
for theN-6 ssmple was chosen snceovalceding thissamplewas morelikdy with only anemedia
adledionplae Four dfferent aress (threeing de, one cutsdethe plant) were monitored-wiey
Spadion, gack maintenance (famer location), pedieLrization (new location of tack meintenance), and
outsdethe plant—using both two-gege and NIOSH-6 (N-6) viddlear samplas Thesampleswere
ubsuently autured and identified et acontract miaroidogy labaratory in Caumbia, Missoun.

A NIOSH ressarch chemicd enginesr participeted inthefdlloa-up surnvey toreview the ED
mamranedeaning tedmiquesand the vartilaion sysamsa theMordt gart. A numbe of
vertilaion contrd dtemdiveswere conddared by NIOSH far contralling aarosdlspatentialy

inthedack maintenenceprocedure. Thesecontrd dteméatives disoussed in Sedtion VI,
indudect (1) abeckdret, mutipledat hood smilar toawd ding bendh; (2) apushpull design
conading of adowndraft hood located b ow thewarking surface and (3) aboathinwhichar is
uniformly supplied a thetop and exhauded a floor levd. The dgject wiasto sHect en gopropricte
engneging contrd to decressetheinhaation hezard to employess by removing proteineosous
metgidsganaraed duing mambranedeaning

Ssoond Fallow-up Survey, December 3, 1986

OnDeambea 3, 1986 ar samplesweare again collected for threedasses of microorganiams induding
fung, themophilic adinomyoetes and bedtaia, bath before, during, and &fter the ED sack deaning
processwaspafomed. Samplesweare adlledted, using twodeagevidde samplersand asampletime
of Sminutes from the pedeLrization room and ousdethredlart.
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4.  ViddeAir Samdling Mehoddogy

Thesampling protood and andytical proceduresused inthisevaugtion werebesically cong et with
thoseoutlined by the ACGIH Committee on Bicearosals® Air sampling far viedemiqoorganismswies
conduded Lsngtwo methods: Thefird, using thetwo-dege Andarson Vigdle Patide Szing Sarple,
isdesgnad to sgparatearbome miaroid contaminanisinio two fradions resairebleand nonreairedle,
aswdl asatianing atatd count of arbomemicroorganisms Thetwo-degesanmple sparaes
patidesinto two szeranges with the50% aut-off diameter of thefirst tegesat a 8 miaans (u) for
gohaicd patidesof unit dendty. Thessoond method, refared to as NIOSH-6 (N-6) sarrpler isa
modified Snglestage varson of thetandard 6-9age Anderson Viadle Patide Szing Sardler?
Examplesdf thecomplele 6-dage Anderson Sarpler, and themodified N-6 sardler, aeshownin

Houred.

All ar smpleswereadllected on 100 millimeter (mm) x 15 mm digpossbleplastic Rt dishes (plates)
contaning ether 20 milliliter (M) of auturemedia(for two-dege samay ar 45 ml of auturemedia(for
theN-6 samplers)>* Air smpleswerecdlected by pladng mediaplatesinto the vieblear samplers
theager sufacebdang stueted a afixed dgancefrom anficesthroughwhich anbient ar isintroouosd.

IntheN-6 sampler, anecuiture plaeweas plaosd ontop of theindrumant bese plae (gring damp
removed) and the Sixth dage wes then sedled to the bese plate usng dedtricdl tgpe. For thetwo-dage
samplas wo adture plaeswereused. Thedandard Andarsoninlet was nat ussd with éther sampler.
Bath thetwo-dageand N-6 samplesweare connected to vacuum pumps cdlibrated to provideanar
flow of 283litespa minute(pm) throughthesardas

'ITerrHiausaiforﬂEdeta:llmdfug condged of V-9 agar, amixturedf potato dextroseager and
V- 81uoe Trypticase 0y agar westhe mediaused to detect bath themophilic adinomyoetes and
becteria® Fung and bedtariathemmophilic adinomyoates ar ssmpleswere cdllected for 5and 15
minuesa esch location duing sampling parfomed on Augugt 6-7, 1986, "Brackdling” of samaing
paiocdswasdonefor thisfirg faloa~up survey to enauretiet a leest ane of the culture plateswould
contan cdonieswithinarange aiteblefar aoourate counting. On the seoond fdlon-Up survey (Using
anly twodegesamplers) ar ssmpleswereadledted far 5Sminutes: Toavad patentid
aossootamingion of sarples thesamplersweareSailized dter eech useby immarsng themin 70%
isopropend for & lesst oneminute thendlowingthem  toar dry.

All alture paeswere ket refrigarated beforeand after use At thecompldion of eech Stevist, the
sampleswereplacaed ininsUlated shipping containarsand sart, viaovemight eqress savice toa
miaabidogy labaratory toincubete and pedatethesamples

Uponrecaipt & theleb, thesampleswereinoubeted, with temperatureand duration of incubetion
dffeing for esch of thethreedasses of micoarganisams. Fungd sampleswereinoubeted &t 25°C for
ninedays themophilic adinomyodessamplesa 50°C far fivedays and thosefor beteriaat 35°Cfor
twodays Enumaation and goediaion was pafomed a theend of theinaubetion period.

B. Mead

1 Medcdd QuediomareSuvey

Toddemineif ather produdion workers hed recently expaienced dlegic rearatary
s/mptoms workescompleted amedica questionnaireon Auguet 34, 1986, Infometionwas
repuested onwark histary, medicd history, hablaies and medicd symptomsexpaienced within
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theprecdingtwoyears If symptomswerereported, further informeation wesreuested onthe
Oetedf onsdt, thenumber of gpisodes and thetime of the day and wesk when symptoms
oooured. For the purpose of thisinvestigetion, ilinesswes ddfined esahidary of & leest four of
9x symptoms competiblewith dlergic lung dissese, betwean January 1984 and August 1937.

Becausemany employsssworked in the tack maintenence departmant part-time dfter thefirs
threedack maintenencewarkarsweart on medicdl leave, jab titliewas nat an ecourateindicator of
employesswho hed deened memiranes: Tharefore, assoond quedionareweas
adminderad on Decamber 34, 1986, to dotain detaled informetion on exposureto ED
mambranes Informationwasreguestied ontheyeaer and length of time the partiapent worked
deaningthededradidyssmambranes SHf-reported exposureto the fadk mambraneswere
usad to identify workerswith patentid exposLreto aerosdlized partidesgenerated during the
dack membranedeaning prooess

2. Pedptin Ssoprevdence Suvey

Toinvestigete dfferencesin exposureto aarosdized argenic prateinsfound & theplant, and to
commadd isdlaesof argenic pratieinsprevioldly identified as cgpelledf causng HPindhesse
workes asaroprevdence survey wascondudted. Compaison of sargprevdencedf predpitins
toapaticua antigen, or antigen mixturesby expoaLre (deaning the stack membranes), wes
usad to identify potentid egentsregponsbleforiliness: Blood samdeswearedravn from
workesdter they completed thequesionnaire Thelblood ssamplesweredlonved todat, then
cantrifuged. Thesaum spameteweas decanted into pladic vids whichwerethen sedled and
frazen

Sxafrom 74 warkasweretesed for predpitinsto 24 antigensby acontract myodogy
laboretory hlinded to the expoare satus of thesamples: Sarawestested for IgG antibodiesto
exradsaf 18 antigasisdlated & the plant and to four commerad antigen edradtsprevioldy
reparted to be cgpele of causng HPin dhessewarkers: Two negdtive contral extracdswere
induded intheantigen pand totet for arassreediivity to thefungd gomth media(V-9) and the
themnophilic and mesophilic becterid growth media(tryplicese oy aggr). Theantigensareliged
inTeblel

Thesamemyadogy refarencelaboratory usad for auturing thedr ssmplesisdlated and

identified micrabidogicd Spedes and then arested antigen edradsfrom theeisdlates The
presenceof ssum antibodies oadific far the antigen edradts westested using avaiaion of the
exoatigantes®” Immunodiffusion platesconditied of Six epuidigant 3mmweissuraudnga
card 3mmwael. Saum sampleswareplaoced inthe oantrd well, whileantigen edradtsweare
placed inthesumroundngwells Four Smilaty designed plateswere used for esch Sudy
patidpant todlow sampling of 24 entigas A 10fdd conoantration of antigen wesachieved by
usng aMinicon B-15 mecrosal ute conoentrator menufadiured by Amicort.

Afterinoculaion, plaeswereincubeted et 25°C far 24 hours refrigarated, thendlowed to
incubete another 24 hoursat 4°C befare predipitin lineswerereed.

3. Ohg Sudes
In Augugt and Decamber 1986, maintanenceand produdtion recordswererevienved, and
wakeswereinavieved toidentify drangesin produdion thet mey heve predpitated ilinessin
thefdl of 1985 and to vdidete aneodotd repartsof inareasesin the quantity of ga0k depositshath
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precssting and during thegaisodes of illness. Sack maintenancelog shedtsfor January 198510
Novembe 1986 wearerevienved. Theseshegswere usad by employessto record the number
and typedf dameged or wamkout ionic mambranes replaned during gadk deening. Commants
about the condition of thesacks auchas™dirty”" or "dimy’’, waeredo recorded. Theparoant of
mambranedacksrepoarted to be"dinty” by dack deanarsin 1985isshoanin Hgures.

Recordsaf dheeseyidd by month, from May 1983 to June 1986, wared o reviewved, aswere
recordson theparoant of ED sdlidsramoved during the peariod begimning beforeilinesssswere
reparted. Snceworkersreported unusud westher conditionsduning thefdl of 1985, locd
dimetdogicd detafor Sringfield, Missouni in 1985 and 1986 wes abetracted from the Netiordl
Odemicand Amogphaic Adminigraion'sNationdl imetic DataCanter. Thisdimetdogicel
detaispresanted in Hgure.

Buk ssmplesof cheesecurd, whey, and ED gadk deposits (previoudy odllected and
rdfrigarated by workers) ware st to the previoudy mentioned myadlagyy referencelaboretary
for autuing

Medicd evduionswere condudiad in Decamber 1986 onthethreefull-imedack
mantenenceworkersto cataog thar curant hedlth gatusand to dotain besdinemedicd data
Becausethesewarkaswearea an unknoanrisk of illness pulmonary fundion teds X-ays
blood tets and carbon monoxide diffusing capeaty tesswere parformed at alocd medicd
diric

V. EVALUATION CRITERIA
A.  BEnviromaid

Asaguidetotheevauetion of the hezards posed by workplaoe exposures NIOSH fidd d&f engloy
environmatd evdugtion aitaiafor essessmat of anumbe of demicd ad physcd agants Theeaitaia
areintended to uggest levd s of expoaureto which mos warkersmay be exposad up to 10 hours per day,
40 hourspar wesk far awarking lifeimewithout expaiendng adverehedth effedts Itis however, important
to notethet nat dl workerswill be pratected from edverse hedlth effedtsif ther eqpoaresare maintained
bdow theelevds A sl paoaiage mey expaienceadvare hedth effetsbecause of individud

aogtiblity, apreexiding medica condtion, andlor ahyparsanstivity (dlergy).

Inaddition, some hezardous sUbstances may at in combainetion with ather workplace expoaures thegenerd
evironmat, o with medications ar parsond hehitsof theworker to produce hedlth dfedsevenif the
oocupdtiond expoaresare contrdled & thelevd st by theevdugtion aitaion. Thesecombined dfedsare
often nat consdarad intheevaugtion aitaria. Also, some sbdanoes are aosorbed by direct contact with the
skinand mucous mambranes and thuspatentialy inoressethe overdl expoare. Findlly, evdugion aitaia
mey dhangeove theyearsas new informetion onthetaxic effedtsof an agat becomeavaldde

Thepimary sourcesdf evironmenid evdustion aitaiafor theworkplaceare 1) NIOSH Gritaia
Dooumantsand recommended expoaurelimits (REL ), 2) the Amarican Conferancedf Govermantd
Inoudrid Hygienigs (ACGIH) Threshdd Limit Vdues(TLV*9), and 3) the U.S Departmant of Lebor
(OHA) pamisshleexpoarelimits (PELS. Often, the NIOSH recommencitionsand ACGIH TLV*s
aelowve thenthe comesponding OSHA PELs Both NIOSH RELsand ACGIH TLV*suaLdly are
besad on morerecart infomietion then arethe OSHA dandards The OSHA PELsdso may berenuired to
tekeinto aooount thefeeshility of contralling equoauresinvaiausindudrieswheretre agantsare ussdt the
NIOSH RELS by coniradt, arebessd primatily on concamsrdaing to the prevertion of oocoupationdl
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deee Inevduding theexpoaurelevdsand therecommeandaionsfor redudng theselevdsfoundinthis
report, it Should be noted thet industry islegally required to medt thoselevd soadified by an OSHA
dandard.

A timewdghted average (TWA) exposurerdersto theaverage arbome concantration of asudance
duringanommd 8- to 10-hour workday. Some sLbdances have recommended shart-term exposurellimitsor
adling vdueswhich areintended to Spdemant the TWA wherethare are recognizad toxic efedtsfram high
shot-tem exposres

1

Vidde Organisnsand Air Monitaing

Although no evaution aitaiaexid for arbame micoorganisms guiddinesconcaming the
dgnificanced different arbome conoantrations are begiming to bedevegped. NIOSH invedigetars
have, throughwork eddressing arbame miaraid contamingtionin officebuildings Suggeded thet aleve
of vidhemicoorganismsin excess of about 1000 cdlony faming unitsper aukic meter of ar (CRU/MY)
indicatesthet theindoor evironment may bein nesd of investiggion andimprovemant® It shauld be
noted thet this"adtion’” leve doesnat disriminete bewean the different desses of microorgenisTs
(bedteia, fung, adinomyodtes), nor doesit represant afineline bewean ssfeand hezardous ar
conoatraions Essntidly thislevd represantsathreshdd a which further evdugtion isrecommendiad
Thisguiddineheslimited godlicehility inindLetrid stings

The ACGIH Committeeon Bicegrasals inthar dreft pratood for monitaring arbomeviedle
micoorganigmsin afficeenvironments hesproposed atatal count of 10000 CRUNY or moreas
necesstating remedid adion® They indicatethet remedid adtionwould benecessary if thecdlony
countsof any onegpeded fungus bedtia, or themaphilic adinomyodeswerein excess of 500
CRU/nY. Althoughthislevd isgpplied todl threedassesof micrabes it wes primarily besed on
reseerch showing that drbomelevelsof themophilic adinomycetesin excess of 500 CRUMY were
assdiated with outiresks of hyparsanditivity lungillness®

HydrodiaicAdd

Hydragen dhlaride (HQ) gesisadrong imitant of theeyes mucousmamtranes and kin. Onrdeese
totheamogphaeit reedily combineswithwater vgpar tofamaninitaingaod mi. Themgor dfeds
o aouteexpoareae s dly limited to the upper resairatary tract and are auffidently severeto
encourape prompt withdrawd from acontamineted amogohare® Exposreto HA gesimmediatdy
causss cough, buming of thethroet, and adhoking sensdion. Effedsareuadly limited toinflammetion
and, accasiondlly, Uloaration of thenoss, throat, and laryrx.® Aauieexposurescausing Sgrificart trauma
areuadly limited to peogewho areprevented fromescgaing. 1n such cases laynged spesmar
pumonary edemaimay coour Himmmvaia"sdtre]?rrwcaﬂaeyeirritaimadpda‘gaj
o pamenat vidd impeimmant, induding tatd lossaf vison™ Exposuredf theskintoahigh
conoatration of HO will cause bums; repeeted or prd onged exposureto dilute salutions mey cause
demditis Erosion of the:exposad teeth may aoour from repested or prolonged expoare

Theaurat ACGIH TLV and OHA PAL far HQ is 7 milligrams per aubic meter (mg/n) as 15
mirueadlingvadue™™ Thareisno NIOSH REL for thissubgtance
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B. Mad

1

Hyparsangtivity Preumonitis

HP, ar dlegcavadlitis isalung dissesereaiting from sansitization and recurrant eqposre to avaiety
of inhded partides mog commonly argenicprateins BExanmplesdf patidescgpeled causng HP
indudemad goores themmophilic adinomyodtes animé praieins uch asavien droppings ad even
oatan damicdssuch sstduenedisocyaneteand phirelic anhydiide. Thedharadieridic commontodl
thesejg%alssistmnmnmgafidly (dlergmiaty), or capetility of evokinganimmunereponseinthe

Lager patides such asragwesd o pallen, can dso att asdlergansand often resit in gpisodes of
adhmaar hey fever. Adhmaand hey fever are often cheradtierized by the presence of highlevdsof
drauaingimmunogiaain E (IgE) antibodiesproducad in responseto artigen exqpoare. Symptons
assndated with asthmaare causad by thesimulation of 1gE antibodieswhich attach to odlls (met adlly)
intheregaraory s/dem

HPisdandlagcillness honvever, symptomsin HP arenat causad by dimulated |gE antibodes
Themathensmd dsesseand theregponse by theimmunesysemin HPismorecomplex then for
adhma  1gG antibodesplay ardeinthedevdgoment of HPbut inoressad levds of 1gG antibodiesare
nat dwaysfounding/mptameticindvidlels [linessisdgpandant onaher immundogic medhanisTs
beyond IgG antibody produdion. 3¢ Many fammers far example, devdop 1gG antibodiesgoedific for
mold, yet never develop mald sparemediated HP, oftenrefared to s famer'slung'. 1 18%°
Futhermore nat dl farmarswho devdlgp famer’'slung have arraulating 1gG antibodies: Review of the
rded 1gG predpitinsin HP suggeststhat while IgG antibodies cardatewith antigen expoaure, they are
not amediator, indicator, or predictor of dissese®? Muchiisill unknoan ebout therisk factarswhich
Ogeminewhy only someindividuelsdevdop antibodies ar iliness dfter expoareto an antigen.

HPin dheeseworkersmog commonly resitsfrom expoaure to aarosdlized penidllium goores sHedt
Fadesaf whichmay be used toimpart cheradteridic flavor and texture (fipening) of roquefart,
camambat, bleu, and ather chesses Chessewadher's disesse (cheese wadhe's|ung) hesbean
reported &fter exposLreto Panidllium roguefarti and Panidllium casd 22 Paridllium oedesarewl
adgpted for growth on cheese produdtsand will quiddly dominete, uppress and overgrow compting
ogaISTs

Twogenad famsof HParereoognized. Theaoutefam gengrdly cooursinindividlels
intermittently exposed toahigh dosedf antigen ar argenic praten. Symptomsbeginfrom4to 8 hours
dter inhdaion of theantigen. Fever, dhills malaise, dry cough, and dygonea (|abored bresthing) oo,
graduelly subsding over thenext 18 hours: Fatigue may persd for severd weeks and with repested
expoaLre, anoreda(lossof gopdite) and weight lossiscommon? Thedronicfom of thedissesecan
ooour with coninuous eqpoaureto low levdsof theantigen.: Theanst of symptamsismareinddiols
and dhillsand fever coour lesscommonly. Tharefare, intensity and duration of antigen expoaure
dgeminethefamdf illnesswhichdevdops: Individud hoet fadtorsared o impartant.

With continued antigen s/mptons can progressivey warsan, leeding to puimonary disshlity
and, insomecases, death. ™ Insome petientsthe dissese may progresseven dter expoaureto the
offending antigen hes siopped. For thisreason, once HP hes bean diagnosad thefdlloning medicd
meregamant isrecommendedt 1) identification of prabebleantigen, 2) avaidence of antigen exposure
and 3) medicd faloa~up, usng pumonary fundion tets aximetry fudies and caron monaxide
dffusng cgpeaity (rrandfer fadtar) teststo dhart the petient'srecovayy.
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VL. RESULTS

Devdopmat of HP, likedl dlergic disseses depandsonindviduel gendlic fadtars higiary of prior
expoareto theantigen, and duraion and dose of antigen exposure: Insome presaniaions the
dseeeisessly confusad with cataintypesof pneumonia Diagnogsisdegpendat onthehigory of
expoaureto paantid antigensand thetampard pettemn of thediseese Thediagnosisisoften mede
&ter exduding ather ilinessesand by acoumulaing findingsfram physic exanns lung fundion dudies
(FFT'sand diffusing capeaty tests), chest X-rays and bronchoalvedlar weshings Lung biopsesarenat
justifislein mogt cases but can proviceimpartart disgnoicinfamation ? Thepresance o predipitating
arﬁbo%esagarﬂen/iromﬂta organic antigens.can be usad to Suppart, but nat confirm, thediagnodis
of HP:

A.  BEnviromaid

1

Intid SteVist

Conoatrationsof HO for thefive areaair ssmplesranged from nondetectable (ND) to 021 mg/n'?,
whilethe conoantration of HQA from theparsord air sanpdlewas 044 mg/n®. Thelimit of detedtion
(LOD) for thissample sst wes LOmicogram per sample

Air ssampling for HO hed been condudted by OSHA prior tomaodificaionsto theadd trander sydem
and addtank vents: Conoantrationsof HOI messured by OSHA ranged from 04 ppm (persord
sample) to 550 ppm (areasamplein an unoooupied, redricied anoess, add tank room). Theunuaudly
highaeaar concantration of HC (550 ppm) prabely refledtsthe absance of thewet sorubober sydem
ontheadd tark vanisa thetime of the OHA invedtigation. Thecurrant OSHA and ACGIH
evdugion aitaiafor HO ae 7.0 mgn (equivdet to 5 pam) for a15-minuteedpoare Thaeisno
NIOSH REL for thissubdance

Althoughthear ssmplesadledted on May 28werenat 15minutecaling samples itisunlikdy, for &
leest two ressons, thet workers are exposad to conoantrationsin excess of the OSHA PEL of 5mg/n?
(cdlling limit) during theintemittent add unlceding prooess: Theusedf adud digohram pump (indeed of
compressad ar) fadliteted trandfer of theadd up to theroof Sorege tanks and reduced theamount of
aod rdessed (egpedidly &t the completion of the unloeding process) when compeared to the use of

ar. Theinddlaion of awet soruober (ingteed of diredt venting) ondl add doragetank
vasshaply reduoad theadd mist rdessed to theamospheare

Falloa-up Evelugtion, Augus 6-7, 1986

Predominant fungd gpadesfromthesngeand wo-dape sarpers lided in decressing arder of
arbome conoantration, fdl into fivecommon enviromentd madd genera. dedogporium, Randllium,
Fusaium, Altaraia, and Agoagilius. Thelowest tatal fungal court (169 CRUNT) wesdatained inthe
former dack maintenenceroom, refleding thelow edtivity levd inthisarea. The pedieLrization room,
wheredack mantenencewark was currently being performed, hed the highest fungdl counts (507 to
1,746 CRUImY) over thetwo daysof sapling. Figure 7 and Teble 2 show theresLits of thissapling,

Although fung werefound groning on both plaes of the Andarson two-dege samplers themgarity of
fungd growth (74%) was counted onthessoond dage. Thissuggeststhat themgarity of funge
paticddesareintheregairadleszerange (cgpeble of pendrating to thelower regons of thehumen
rearatary tract). Thelowe paroantage of nonHesairddefungd partidesmay bedueto the dosance of
gossarbame patideganaraion. Fungd countsdso decressad in S0P of the 15-minute, twodage
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sampleswhen compared to the Sminute, two-dage samplesbegun a thesametimeand location. This
Oaressein fungd countsoocured in aresswihere higher fungd levdswereantiapeted. Thismay be
duetothedesrudion of fung (thevepdativeadls) by traumg, or from dumping or ovagomh of the
adls Traumg inthisstugtion, mey resit from themedhenical shodk of impect with the.adlledion
medumar, morelikdy, from dessication of theodlsdueto maredr pessing aorossthemedium

When usng theN-6 modified Andason samplers fungdl levdsoutsdethe plant excssded the
conoatrations messred & esch of thethree samping aressinsdethe plant. Thisdistrgpancy with the
resdtsfrom thetwo-dage ssmplas (Which suggest the highest fungd countswerelin the pesteurization
room) may have ooourred because ar sampleswere collected over two consscutive days: Because
sampling using the N-6 ssmpleswas pafomed on differant days inteprdation of thedetaismare
dfficuit. Theseresitsundasoorethevaiaality inoutdoor madlevds whichintum mey affedt indoor
levds

Predominent beterid and thermophilic adinomycetesidantified by both theN-6 and 2-dage
samplaswereBadllus, Sregptomyoes (grey/ponday and flaiiwinkled gapearance), and
Thamomonogpora(ydloviwrinkied gopearance). Although somemediaplaiesweretoo numerausto
count rdigdly (precominently ovargroanwith Badlius), themgarity of thethemophilic arganisms
identified hed vary low adony counts (ranging fram 1. to 10 adonies) and havenat beenreparted inthe
literetureas prindpel causssof HP. Theseresitsaredhomnin Teble 3.

Evdugion aitaiafor acogaileexposreto miaohidogicd agrosdshavenat bean fomulated by
NIOSH ar OSHA becausedf thevaidhlity in outdoor micrabidogicdl levdlsand because many
humenfadtars induding genetic vaiiahlity, deteminewhether agven arbome miaraaidogicd leve will
readtindlagcillnessss such sshyparsangtivity pneumonitis: It Shoud dso benated thet bissinthistype
o dudy istowardslower taid adony countsthen mey aduelly edd inthear. Countsof lightly
inoculated mediaplaesa later detesindicated tatd CRU'sof heavy growth plateswere 20-25%0 higher
thenindicated

3. Fdlow-upVist, December 3 1986

OnDeamba 3, 1986 ar sarpesweareagain adlledted for three dasses of micoargeniss fung,
themmophilic acinomyoetes and bedteria. Inthisevaugtion, areaar ssmplesweare odllected before,
during, and fter thededrodidyss tack deaning prooess (dill paformed inthe pesteunization room).
Samplesweare adleded with Andarson 2-dagevidde samplasusng asampetimeof 5Sminutes
Samplelocdionswerein the pesteurization room and ausde theplant. No sampleswere collected
wngtheN-6 sarple. Theraaltsaf thefung and adinomycdeshedtaiasampling aeshownin FHgure
8ad Tale4.

Thepredominant fungd bidurden, ligted in decressing order of arbome concentration, were: Y eedt,
Qadogoarium, Ranidllium, and Aspadilius. Totd vieble counts (CRU/T) ranged from 106 (prior to
dedrodidyssgack mantanence) to 423 (during dack maintenance).

Conoantraions of bedteriaand thamnophilic adinomyoetes mesaured in the Decamber 6 aurvey
ranged from 282 t0 3,211 CRU/nY. The predominant spedesweare Microoooous, Sreptomyces
and Badllus, and conoantrations of these three goediesinaressad markedly esdedtrodidyssdack
mantenencewaspafomed. For example Microoooous concantrationsincreesad from 156 CRU/M?
(pprior to Sack maintenance) to 3,211 CRU/MY during sack meintenence: Smilar increeses oooured
with Sreptomyces and Badllus
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B. Mead

1

QuegiomareSuveys

Aninitid medicd quesiorarewas sf-admindered to 75woarkason August 34, 1986. Eght
ddivary divasand wesetresment oparatars who warked inabuilding 200 yards away, werenat
akedtopatidpae Twowarkasreussdtogvebood Onedf theseworkerscompleted the
questionnéire, but was nat asked to give blood because e bdieved eweas pregnant. (Thisworker
wasnatindudad intheandlyss athough Shergported anumber of s/mptomsbegming in Faruaty
1985, 6 monthsbefore the ather ilinesses deve oped, and reported no expoaureto ED mambranes)
Oneworker gavelood but did nat reum thequesionaire: Sx ather warkeswarenat avalldde
because of vecdions or iregular, pat-imework shedules

Thessoond quetionnairewas adminisiered on December 34, 1986. Hfteenof thearigind
patidpentswearenat avalade ether becausethey werelad off, onveacation, or part-timeworkas Of
these nnewarkers induding wowho werelad-off, completed the questionnare by tdgphone. Sx
patiapentswerelod to fdloa~up desaite numeroustdegphone cals four werelaid-off, and twowere
condgently unavaldde Therdiare, the ssoond questionnairewas completed by 69 (92%0) of the
aignd 75 udy patidpents

Thequesionnareadminigered to 75 employessin August 1986, identified seven (9%/0) regpondantsas
casss(four or moresymptoms competiblewith HP), and 61 (82%/0) non-cases reparting oneor fewver
g/mptoms Sxwoarkersreparted two ar three symptoms and were exduded from the ramainder of
theandyds Among theseven cassswerethefour warkersprevioudy diagnosed with HPand theone
worke dagnossd withaghma: Onedf thetwo ather workersidentified by the questionnareashaving
s/mptoms compeatiblewith HP hed replacad one of theill gack maintenenceworkersand reported
s/mptoms competilewith HPin late Decamber 1986 but wes nat evalusted medicaly until ine
1987, whenmog symptomshed improved. Ultimetdly, the diagnogisdf HPfor thisindividugl could na
becorfimmed. Theather worker reported anly onegaisode df illnesseter deaning themembranes
Thisworker wasintaviemed and cautioned about areoccurencedf thesymptoms but no further
medicd infametion was aotaned.

Cassswaresgnificantly younger then non-cases 32 vs 37 meenyearsd age(Tadleb). (Three
non-casssineocurady liged ther dete of birth and wereexduded fromtheage cdladation.) Cesss
wereleslikdy to rgpart expoaLresto oneor more hoohies cgpetle of causing reairatory symptoms;
auch asswarking with hay, wood dug, or soivants: Orly ane casergported ever Snoking dgarettes;
noned the cassswarecurant amokers

Cassswaemarelikdy to report desning ED mambranesthen non-casss (Table5). Twodf the
svenddthisjabfor lessthen sx months and anly anedidit for morethenfour years Sx of theseven
cassshed desned ED mamiranesanly in 1985 or 1986, asdd 15 of the 20 non-caseswho hed ever
deensd themambranes

Sadagy Reslts

Thesaafrom 74 warkesweretestad for predpitinsto 22 antigens induding samplesof dack
deposits dud, milk and whey pratein, and Thamophile and Renidlliumsp. Theprevelencedf IgG
predpitinstoindvidud antigen ssmplesvaiied from 10006 to zaosshownin Tele6. The
prevdencedf predpitinsto Agpardliusfumicets (100%) and Badllusp. (80%) wesunuaLdly high
When 10 of the Agoaglius predpitinswere randomly selected and tested for nongpadific"C reective
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pratein binding, nonedf thepredipitin bendsdissalved. Slill, aconrd ssumfromared theinvestigors
wasd 0 postivefar AgagllustumigeiLs and Badllus 9, uggesting thet nongpeafic inding wes
responghblefor thepresance df predpitinsin thesetwo anigen extrads For thisreeson, thesetwo
anigarswaeexdudsd fram theramaning andyss

Pradpitinsto yesst Joedies (anigansthreeand four, sse Table 1), warefound in 13 (18%0) of the
smpes Rve (%) of the sampleshed predpitinsto an antigen extradt prepered from amixturedf four
mold oedies(antigean 22). Hve partidpentshed predpitinsto whey produced & theMonett plat,
wharessanly two hed predpitinstowhey suplied fram aneary Mid-AmaicaDarymen plart
located inMt. Vamon, Missoun. Twowarkashed predpitinsto Gearidum .

Predpitinsto yeed or whey pratlenswearenat rdaed to casedaus. Only onedf thecassshed
predpitinstowhey prateins and anly two hed predipitinsto yeed. Cases howeve, weresgnificantly
morelikdy to havepredpitinsto & lesgt oneantigen, and totwo or mareantigens (Teble 7). Theodds
ratio for three ar mareaniganswas d o high, dthough the 95% confidenceintiave induded one: The
two cassswith multiple predpitinsweareamong thefird three daok meintenencewarkersto be
dagnosdwith HP. Thelagt worker to be diagnosed with HP, in March 1986, hed no predpitins: Of
thefour workersdiagnosed with HP, only two hed predpitins: Thepresance of predpitinswasnat
asodaed with exposureto ED membranes (Tabled).

3 Othe Sudes

In August 1985 the peraant of ED stacksrenorded on maintenencelog shedsas dinty” (heavier then
usud acoumulaionsof pratein and mingd depostson themambranes), Soanin Hgure 5, markedy
incresssd. Becausethelog wes maintained by the sametwoworkears theinareese, which bagenin
Auge, 1986 bfarethewarkasbecameill, isnat likdy to beasurvallanceatifadt. After thefird three
workerswat on medicd leave hovever, thelogwasnolonger maintainad. Slill, anecdatd repartsby
employessugpest thet theinoreesein"dinty’” dadkslagted until February or March, 1986. During our
plant vistsin May, Augud, and Decamber 1986, no depasitsweare naticssleonthemambranes: No
dhengesthet mey have reduced the quentity of memborane degpositscould beidentified inthe oparaing
o deanings/dam

Review of company dheeeyidd recardsidentified apesk sessond fludugtion duning thefdl sesson.
Thepesk ooourred dter ilinessesfirgt begen. Thissessond fludugtionin dhesseyiddisreported by the
compary to beafundion of the cons ladation 9atus

Quituresof whey samplesidantified numerausyesst oades A heavy gomthof Gedtriciump. and
Candidagn. weeidattified fram the saok dgposit altures Although nat identifiedinar samples
Radlliumroguefarti quiddy overgrew cheese curd samplesthet weare adllected et theplant and
dlowedto gpail inadeailecontane & roomtampaaure

Review o dimetdagicd cetaidantified an unuaLelly highlevel of predipitetion (12indhes) for the
Singfidd, Missoun areain Novamber 1985, Thislevd weasthe seoond highedt levd ever recarded in
theaty and 300 paroant dbovethe 20 year averapefar thet month. Beginning in Augugt 1985, the
number of doudy day'srecorded was a0 above nomnd when compared to the 20-year average
TheeddaaedomminFHgureb.

Meadicd dudiesaf three curent dack mantenancewarkers conductad in Deoambar 1986 reveded no
rdevat donommdities
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VII.

DISCUSSION
A.  Miadidogicd Saring

Ingenerd, themiaahidogical sarpling resLitsshowed atrend of inoreesing arbomemadd leve with
incressing adtivity level. Thedadk mainienenceroom showed thelowest fungdl levds but theroomwees
sdomed usd & thetime o thisinvestigetion. Higher arbomefungd levdswearefound inthe pesteLrization
room, where ED dack meaintenencewas currently parformed. Microorgeniam concantraionsinthe
pegteLrization room, ingenard, wered o higher then those mesaLrad inthewhey ssparaionroom. These
higher levdsreflect ar movemant and argenic aarosdlsgenarated from the ED dack deaning tedmiqueinuse
duing thisevaugtion. Although highHpowered weater qraysareemployad inthewhey ssparaion room, they
areusd toweash down thefloar and nat to deen arganic depasitsfromionic mambranes

Orneconduson fram thedetaisthet dening ED dack membranestamporaily incresseslevdsof arbome
micoorganisrsrdaiveto aher aressdf theplat. Levdsdf micorgenisms odlledted dter ED mambrane
deaning hed begunweretwicethelevd s adllected prior to deaning (increesssin yeedt and bedterid gpedes
waemod notedle). Presumelly nonrviddleairbame partides (deed micrabidogical argenismsand wiey
prateng) aredoincreesed inagmilar fesion: Asnated ealier inthisreport, dgpositson undesnad
mambranedacksprovideagood adture medium for fung, yeed, and bediaia

QuesionmareSuvey

Thehighatack retedf regairdory illnessin dack maintenencewarkarsin Novamber 1985 (75%) quiddy
foousad menegamant atention on assessing the vartilation inthe small 200 souerefoat dack maintenance
room. A poardy mantained ventilaion system may have exaoarated antigen expoaurefor thefird three
workeswho becameill. Steem deaning thefan aail unit, and moving theprocessto alarger, better vertilated,
roomweregopraprideshot-tamregponsss: When afourth gack maintenenceworker becamell, attention
wasfoousad onthe processitsdf and nat on themdfundioning air hendling unit ssthe cause of iliness

Of thesevenwarkersidentified through the quedionaire with symptoms competidle with HP, imely mediical
detawereavaladefor only five Four warkarshed bean diagnosad with HP and anewith aghma. Anather
reported symptoms competidlewith HP but wes nat evalusted medicaly until symptoms hed improved, and
thediagnodsaf HP aould nat bedinicaly confirmed. Thessventhworker reported onegaisode df illnessefter
working with the membranesin March 1986, and reported no Subssguent expoares or gaisodes of illness
Nofuthe medica dtawareavaladleontisworker.

Ssdogy Restsand Hypersensitivity Pneumonitis

Panidillium roouefar, previoudy reported ss an etidagic agant in cheeseworkers HP was aultured from
buk cheeseard samples but nat fromarbome samples: Heavy acoumulations of da0k deposits reparted
by employessduing thefal of 1985, could havedlowed ovargromth of thisneturd cheesecontaminant.

mambraneweashing with ahigh povered weter goray could heve aarosdlized partides of thisend
ather fung. After yearsof lon-evd exposreto aarosalized dack deposit patides workerswereexposed to
much higher levds Thehypathesisthet thispred pitated theonset of illnessis supparted by currant knondedge
about thedevdopmant of HP. Bath duration and dosedf exposLreto an antigen are deteminentsin
devdgpment of HPZ

However, nonedf thesaum samples adllected by NIOSH invedtigatarsin Auguet 1986 tested positivefor
predpiinsto Raidlliumspedes Nat eventhefour workersdinicaly diagnosed with HP hed predipitinsto
Raiallium spedes dthough threedid in tets conducted by ther privete physidanin Decamber 1986.
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RPossbleeqandionsfor thedifferencein ssdogicd resitsin thewarkesdiagnosad with HP bewean thefdl
of 1985 and thefdl of 1986 are: (1) antibodly levedshed dedined between peek expoaresin 1986 and the
deteof samplingin Auguet 1986; (2) testsfar predipitins conducted in Deoamber 1986 used differart antigans
and preparation techniques (induding the useof dimethyl suifaxide); and (3) thetest ussd in August 1966, the
exaentigen tedt, dthough ussful for sreaning predpiinsto alarge number of antigens isnat sansitivetolow
levdsdf antibody.

No assodation wesidantified between themarker far antigen exposure (predpiting) and deaning dack
mamranes If deening ED memraneswaretheanly sourcedf aerosdlized antigens andlif predipitinsarea
hidogcd maker for expoareto theseantigans workerswith exposreto the memranes should have
devdopad predipitins

Thedhlity of thisstudy toidentify an assodation betwean themarker far expoaure (redipiting and the
hypathesizad expoare (deaning ED mambranes) isdeiemined by (1) bidogicd fadtarsthet detemine
whether animmuneresponse (predipiting) will develap, and (2) dudy design fadtors (improper dasdification of
worker exposure) thet fet the ahllity toidentify an assodation.

Two hidagicd fadtorscould have dosoured an essoaaion: (1) low levdsof aarosdlized antigasmey have
beenwiddy digparsed throughout the plant, simulating the devel opment of antibodiesin Susogpiblewarkers
throughout theplant, and (2) many woarkersreparted short-term exposLreto the membranes and mey not
have deve opsd amesaLradle antibody response

Four dudy design factars could have dosoured an assoaiaion. (1) "Expoaure” to ED membraneswes
broedy ddfined as"eva™ having worked deaning the ED mdaranes and induded sack workerswio
weehed theautsde of sackshbut did nat dissssamideand hand-deen thememiranes (2) Thegopropriate
antigen may nat have beenteted. (3) Daublediffuson tedsdo nat identify predpiinspresat et low leves (4)
Thewarker with s/mptoms competiblewith HP, but diagnosed with asthma, was nat exduded from the
andyss

Theabsavation thet smoking gopeared to beinversdy assodated with reporting symptoms competiblewith
HPmay berdated to thedffect of amoke, or itscongtituents ontheimmunesystam. Incressed reairatory
srdionsin amokesmay blodk devd opmant of animmunereponse by preverting dgpostiondf gl
patidesinthelung? Smokemay diredly intaferewith developmant of animmurereporseintheadvedi

D. HedraddydsSak MantenanceVatilaion

Theegneaing contrdsdesribed should gregtly decressetheinhdation hezard by ramovd of the
prataneceousmetaids A number of vartilation contrd dtemetiveswere consdared for contrd of aarosals
gengrated inthegack meintenance procedure® For awark bench thet isgppraximetely 45 by 45fedt, the
dtemativesweae (1) abeckdrdt multipledat hood Smilar to awedding bench design; (2) apushoul design
condding of adownarat hood, located bdow thewarking surface, where captureisaded by air blowing
fromal/4inchby 4foat dat located 5to 7 feet abovethewarking surface and (3) aboathinwhicharis
unifomly sypdied a thetop and exdnaugied a itsfloor level.

Thebedkdrat muitipledat configuration hesthe disedvantepe thet the presance of theworker'sbody infront
o thedasaestesaweke (eddy curants) whichisknoan to contribute sgnificantly toexpoaure: Bridly,
contaminentsgenaaed & thewark gation mey beentrained into thetwo dationary vartioes corgtituting the
weke

ThepudHul sysaminvestigated congded of anisothemd jet of ar withatatd flow of 83 aubic fedt per
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VIII.

minute (dfm) per linear foat impinging anadownadrett exhaud hood with aflo of 2000dfm fromahaght o 5
fed. A gaingonthesurfaced the4.5 by 45foat downdraft hood would becomethewarking sufece: The
jet veaaty profile cloulated for the case of the exhneudt opening nat aodruded by the ED dadksindicated a
poor digribution of vdodty acrassthewidth of thewarking surfece: Theclaulaionswearemede usng modds
developed by Waker for adat jet edjacat toawal.®

A vatilaion s/gemwhich dimingesthe dravbedks of bath the beckadreft and pushipull sydemsdesribed
dboveisdomninFHgure9. Theaorfiguration fdlonvsan extasvely investigeted Soray booth usad for peinting
cas?® "Blowning' configuration No. 2 and"exhalt” corfiguration No. 4weresdedisd. Theaveragevelogity
for thisconfigurationis 100 feet par minute (fpm). For ane4.5 by 45 ft work dation theboath dmengonsare
gopraximetdy 8ft wideand 7 ft degp, resiting in aaverage vl ogty of lessthen 160 fomintheplaned the
work daion. Thesurfaced thetableshould consd of agraing tofadlitete the pessege of ar and water.

Good ar didribuion a theinlet and exhaud denum areimportant for proper opaaion. Air mey be
redradaad if theproper amount o fresh ouiSdedr isintroduced, and careistaken to dehumidify, condition,
andfilter thedr aupply. Theadr filter oud bedf thehigh efidency type (i.e 99.94% removd with repet to
patidesO3uindamde). A maximumad 35dm aof cusdefreshar par cooupant should bedlowed fara
told of 200dfm. Careshould betakenin desgning thesysem so thet componant deaning ispossble
preventing gomh and acoumulaion of micoorganians

CONCLUSONS

Thaeisadear assodaionintimeand place bewean deening dadks of dedradidyssmembranesand HPinthe
four workkesprevioudy diagnossd with thediseese. Furthermare, the seven cases defined through the
quesionarewaemorelikely to repart exposreto ED sack mambranesthen were non-cases

NIOSH invesigatarswere unddleto identify agpadfic agant or antigen responsblefar illinessintheseworkeas
Sadksdf ED mamraneswating to bedesned can provide anided gromth medium for micrabidogicd gpedies as
damodrated from the adltures of bulk samples: Snoeamarked increesein visdle arbome microorgenigms coourred
during thedeaning process it islikdy thet nonviddle pratansaresmilay inreesed. Gregter numbarsof aerosdlized
micoorganismsware prabelly gengrated from Augugt 1985 to March 1986, when vishle gadk depositswere
notiosd by theemployess Ressonsfor theinareasein dack depoditsareill undetamined, but may rdateto
ssesond dangesin milk produdtion, influences of unusLE weether conditions or asyet undetemined produdion
fadtors

Air ssmplesfor micoargenisms adlected in Auguet and Deoamber 1986 may nat represant exposureconditions
duingthe previousfal andwinter. For example inaddition to the nine monthswhich igpsed from reparts of
erpoyeeillnesstothe adledion of thefird ar samples theventilation systemintheaiging ack meinienencercom
wasramoved and replaced and the ED memirane deaning moved to alarge, better vartilated area. Alo, the
hicearosdl sampling condudted in thisinvestigetion would nat acoount for nontvigile prataneceous meterid which
mey begenarated during membranedeaning,

Itisnat uprising thet oneantigen could nat be assodated with case Satus because predpitinsto individud antigas
aenotwel cordated with HP2 Thepressncedf oneor moreantigenswias however, assodiated with case
g4 indicating ether thet ilinessmey haveresuted from exquoaureto muitifle artigans or thet exqpoaLreto mutiple
antigenswas assodiatad with exposure to agpedific, unidentified antigen regporsiblefor HPamong theworkers
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RECOMMENDATIONS

IX.

1

Infroduce engineging and work-practice changes to reduce agrosdl genaraion andinhelation. Deresseuse
aof high powered watergaray and, asdisoussed in Sedtion VT improve vertilation in the gack mantenence
room by providing fresh mekeup ar duing thedeening gparation.

Devdop asydemto cordate dnangesin stack depogitswith production and sseson vatiddles
Daressetimethet dacksremainidebeforebang deaned

Provide paiodic medica monitaring (symptom hidary, chest examingtion, pulmonery fundion tets) of
fulldime dadk maintenencewarkersto detet early indications of reairatory diseese
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BRRBEENEHREREEO®NOTS®ME

TABLE1
PANEL OF ANTIGENSUSED TOTEST FORPRECIATINS

MickAmaicaDarymen, Irc,
Suingfield, Missouri
HETA 86273
Augue 30, 1986

Neggtive contrd V9 ager
Negiveconrd TSagar
Bivelet yeeds

Bivelet yeeds
Veaouumad dug sarples
Whey - Mt Veamon, Missouri plart
Whey - Monett, Missouri plart
Stack deposit
Doubledneesefood cdlaring
Geatridumsp.
Altamaiasp.

Fussium .

Randllium camambati
Ranidllium rougfari
Ranidllium cess
Randllium . (mixed)
Agagllussp. (bivelet)
Agagliusfumigas
Themophile(aveler)
Themophile(bvele)

d ium

edosun
Mad mix (quedravelat)
Sr L.
Badlluss.
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Tade2
Conogrationsof Airbome Fung
Two-SageVidde Air Samples 5and 15 Minute Sample Duration
Mid-AmaicaDarymen, Inc.
Mornett, Missouri
HETA 86273
AugLet 67, 1986

LOCATION Totd Predominant Spedes’ Tod Predominant oedies
(CRUMYP (CRUI) (CRUI) (CRUI)

Whey Sgparaion Room 586 Cladosporium (180) 1,106 Radllium (&)
Ranidllium (26) Cladosparium (48)
Alteraia(20) Alteraia(12)

PegteLrization Room 607 Yeedt (200) 1,746 Cladosporium (176)
Randllium (42) Raidllium (63)
Cladogoorium (25) Alteraia(4)

Foma Sack Mantenence 428 Cladogparium () 169 Cladogpaium (10)

Room Raniallium (65) Redllium(7)
Gantridum (16) Fusaium (4)

Ouiside 882 Cladogparium (230) 748 Cladogparium (230)
Randllium (&) Ranidllium (74)
Camarogoanium (35) Axaglius(8)

a  Thethreemost sbundent fungd oedesarelisad by dereesing order of arbome concaniration, with coresponding airbame

conoatraionsin perenthess

b  CRUM =cdony-farming unitsper abic meter of air. Totd CRU'srgresantsthesum of &l cdloniesfrom both stages
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Tade3
Conoardionsof Airbome Badaia
Two-Sageand N-6 (Madfied SngeSage) Vidble Air Samples?
Mid-AmaicaDarymen, Inc.

Morett, Missouri
HETA 86273
AugLet 67, 1986
1I5SMINUTESAMPLES SMINUTE SAMPLES
LOCATION Fdes Commats Faoes Commats
(No. dof cdonies) (No.df cdonies)
Whey Sgparaion Room Themaophilic Ha, wrinkled Thamgahlic Predomiretdy Badllus
Streptomyoes (2) gopearance Badgia(2)
Thamgahlic Toonumaaus
Bedaia tocourt
Sack Mantenence Room Thamgahlic Predomiretdy
Bataia(18) Badllius
Thamgphilic Hat, wiinkied
Sreptomyoes (2) gopearance
Pagaurizaion Room Thamgphilic Toonumaous Thamophilic Grey, ponday
Badaia toocourt Sreptomyoss(3) gopearance
Thamomonogoorasp. Yédlow, wiirkied
@ gppearance
Tharmophlic Hat, wiinkled
Streptomyoss(1) gopearance

continud
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Table3 (continued)
Conoardionsof Airbome Badaia
Two-Sageand N-6 (Madfied SngeSage) Vidble Air Samples?

MidtAmaicaDarymen, Inc.

Morett, Missouri
HETA 86273
AugLet 67, 1986
15MINUTE SAMPLES 5MINUTE SAMPLES
LOCATION Fdes Commats Faoes Commats
(No. of cdlonies) (No.df cdonies)
Oudde Thamgahlic Toonumearaus Thamgahlic Predominetdy
Badaia too cournt Badgia(3) Badllus
Thamgahlic Grey, powdery Thamgahlic Grey, powday
Streptomyoes(1) gopearance Streptomyoss(1) gopearance
Themmaophilic Toonumaaus
Bedaia toocount

Thamomonogoorasp. Yédlow, wiirkied
gopegrance

a Rveand fiftesn minute ssmpleswere adleded with thetwo-dege visbledr sampler. Only Sminuesamplesweare adlledted with the NIOSH modified Sngedage
sarpe.
Caommat Nored thethamophilic acinomycetesisdlated from thisgroup of ssmplesarergparted in theliterature as prindipel causss of hyparsanstivity pneumonitis
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Tdde4
Conoarationsof AirbomeFung, Badigria and Themmophilic Adinomyodtes
Two-SageVicdleAir Sanples 5 Minute Sanple Durdtion

Pegaurization Room
MidtAmaicaDarymen, Inc.
Mornett, Missouri
HETA 86273
Decamber 3, 1986
FUNGI BACTERIA/ITHERMOPHILIC ACTINOMYCETES
ACTIVITY Tod Predominent Species CRU/)? Tod Predominent spedes( CRUNY)?
(CRUI) (CRUIm)
No Sack Mantenance 148 Cladogpaium (63) 282 Microooocus (155)
Yest (21) Badllus(85)
Agaglius(21) Sreptomyces(42)
106 Ranidllium (70)
Cladogpaium ()
14 Cledogporium (50)
Non-sporuleting (35)
Radllium (22)
Sat of Sack Cleaning 401 Yeedt (254)
Cledogporium (78)
Agagllus(3)
Duing Sack Qeaning 423 Y eedt (303) 3211° Microcooous (2,.851+)
Cladogponium (36) Sreptomyces(360)
Radllium () Badllus(232)
After Sack Ceaning 401 Microooocus(211)
Sreptomyces(127)
Badllus(63)
a CRUINT= cdony-forming unitsper aubic meter of air. Tatd rgpresantsthe.combined sum of coloniesfrom both stages
b Thethreemost sbundant fungdl goedesarelisted by decressing order of arbome conoentration, with corresponding arbome concantrationsin perenthesis
c Hatecounted after 2days Microooocuscount isestimeted dueto overgrowth.

Gagd Commats Cuitureplateswerecounted falowing 3 daysof incubetion (Unlessathewisenated).
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TABLES
COMPARISON OF DEMOGRAPHIC AND EXPOSURE VARIABLESBY CASE STATUS
Mid-AmaicaDarymen, Inc,

Sringfid, Missouni
HETA 86-273
August 30, 1986

DICHOTOMOUS CASESWITH NON-CASESWITH ODDS 9% CONFIDENCE
VARIABLES VARIABLE WITHVARIABLE RATIO INTERVAL
NUMBEROFPARTICIPANTS 7 61
EDUCATION (pogH.S) 2 24 062 005,418
MEDICAL (oneor

morecurator 3 20 110 015,704

previousprodams
FAMILY HISTORY OF 0 a 0 000,372

ALLERGY
CURRENT SMOKER 0 19 0 000,172
EVER SVIOKED 1 37 011 000,101
OWN PETS 4 42 068 0.09,4.56
EVERLIVEON FARM 5 A 032 004,4.10
HOBBY 1 33 0.10 000,094
HAY 1 2 0.18 000,169
PAINT, SOLVENTS 1 17 043 001,402
WOOD DUST 0 2 0 000,159
PREVIOUSJOB (oneor

moreexpoares) 3 41 0.37 005,243

ocontinued
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TABLE 5 (continued))
COMPARISON OF DEMOGRAPHIC AND EXPOSURE VARIABLESBY CASE STATUS
Mid-AmaicaDarymen, Inc,

Sxingfidd, Missoun
HETA 86273
Auggt 30, 1986
DICHOTOMOUS CASESWITH NON-CASESWITH ODDS 95% CONFIDENCE
VARIABLES VARIABLE WITHVARIABLE RATIO INTERVAL
WHEAT, GRAIN 1 23 028 00,254
EVER WORKED CLEANING
ED MEMBRANES 7 20 Undefined, p=0.0014°
CONTINUOUS MEAN, NUMBER, MEAN, NUMBER
VARIABLES STANDARD ERROROFMEAN  STANDARD ERROR OFMEAN
tVALUE PVALUE
AGE 32,7,19 37,58,152 234 004
LENGTH OF
EMPLOYMENT 74,7,120 9.9, 60,1.00 159 0129
YEARSON FARM 25,4,2.83 20, 53,14 065 0519
COLDS (per yesx) 16,7,029 17,55,023 013 089
a Informetion avalablefar anly 56 non-cases
b Informetion avaladlefar anly 57 non-cases

C Hahe'sexatt teg, 2-talled.
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TABLEG6
PREVALENCE OF IgG PRECIFITINS
AMONG 74 PARTICIPANTS
Mid-AmaicaDarymen, Inc,
Suingfidd, Missoun
HETA 86-273
AugLet 30, 1986
ANTIGEN * PERCENT POSTIVE

1 Yerp. 17

2. Whey pratans 18

3. MddMix 7

4,  GatichunSp 3

5. Dut Sarpe 1

6. Sack Depost 1

7. Wheysnye 1

8. Thamophilesp. 1

) Badllusp. 80

10.  Agagllusfumicets 100

* Nopatidpant hed IgG predpitinsto theather antigens induding Rnidlliumsp. (Teble ).
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POSTIVE
PRECIATINS

Number of patidpents

Oreormore
Twoor more
Threeor more

Predptinsto
indvidLe egats
Yesdt
Whey Pratdns

TABLE7
COMPARISON OF PRECIPATINSBY CASE STATUS
Mid-AmaicaDarymen, Inc,

Suirgfidd, Missouni

HETA 86273

AugLt 30, 1986
CASESWITH  NON-CASESWITH ODDS
VARABLE VARABLE RATIO
7 61
7 15 Undefired
4 4 190
2 1 240
2 1 18
1 4 24

a Hehe'sexatt tet, 2-talled.

95% CONHDENCE
INTERVAL

R=0.0002%
217,167
097,143

015,129
004,296



Peage 31 - Hedth Hazard Evauation Report No. 86-273

TABLES8

PRESENCE OF PRECIAITINSBY
HISTORY OF ELECTRODIALYSSMEMBRANE EXPOSURE

Mid-AmaicaDarymen, Inc,

Sxingfidd, Missoun
HETA 86-273
Augu 30, 1986
EXPOURE EXPOURE RELATIVE (95% CONFHDENCE
PRESENT ABSENT RISK INTERVAL)
Number of
patidpants 3 33
Nuﬂ_aanof
predptinspresat
>1 6 (197 9(24) 082 033,205
>2 2 (6) 31 082 015,459
>3 2 (6) 1 245 023,258

a Numbe and (percant) of partidpants



FIGURE 1
Plant Schematic

Inc.

Mid-America Dairymerr,

Springfield, Missouri
HETA 86-273
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FIGURE 2

"Tortuous Path"” Electrodidlysis Membrane

Mid-America Dairymen, Inc,
Springfield, Missouri
HETA 86-273
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FIGURE 3

Jiagram of a Tvpical Fan Coil Ventilation Unit

Mid-America Dairymen, Inc.

Springfield, Missouri
HETA 86-273
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FIGURE 4
Examples of Viable Air Samplers

—

Mid-America DPairymen, Inc.
Springfield, Missouri
HETA 86-273
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FIGURE 5

irty" ‘lemt d by Employees
Percentage of "Dirty" lembranes Reported by Employ
Mid-America Dairymen, Inc.

Springfield, Missouri
HETA 86~-273

Percent of Membrane Stacks reported to be
"Dirty" by stack cleaners, 1985.

80'1
2] 1 Three Waorkers go
5 - on Medical Leave
< 60 -
h | J
m -
,3 )
= 40-
z r
wl
Q
C 20
V3]
Q. A

V- RS S .
0 A A A A A A A A

Jan Feb Mar Apr . MayJun Jul Aug Sep Oct Nov Dec

Month


adz1

adz1

adz1

adz1

adz1


Percent Charnge

Percent. Change

in Cloud Cover

Percent Change in Temperlalure

.30 ey —

FIGURE 6
Climatological Data - 1985 and 1986
Mid-America Dairymen, Inc
HETA 86~-273
Monthly Rainfall, Deviation From Normal
[__1985 vg. 20 Year Average-—Springfield, Missouri
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FIGURE 7

Mid-America Dairvmen, Inc.
Springfield. Missouri
HETA 86-273—

VIABLE AIR SAMPLES-FUNGI
ONE-STAGE SAMPLER (TOTAL COUNT)

CFU'87CUBIC METER

2500 -
2000 - 1862
1500 -
1000 -
500 - 488 503
N
0- 1 _
Whey Separ Stack Maln Pasteur Am QOutside
Sample Time
il 5 Minutes

Auguat 8-7, 1088
Media: V-9 Agar
CFU - Colony Forming Units

VIABLE AIR SAMPLES-FUNGI
TWO-STAGE SAMPLER (TOTAL COUNT)

CFU'8/CUBIC METER

2500
2000 - 1748
1500 -
1108
1000 - 748 882
500 - 60 428
N
0o- ‘
Whey Separ Stack Main Pasteur Rm Qutside

Sample Time .
Bl 5 Minutes 16 Minutes

August 8-7, 1988
Media: V-9 Agar
CFU - Colony Forming Units
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FIGURE 8

Two-Stage Viable Air Sampling for Fungi
and Bacteria

Mid-America Dairymen, Inc.

Monetr, Missouri
HETA 86-273

VIABLE AIR SAMPLES
TWO-STAGE SAMPLER (TOTAL COUNT)

Before During After
STACK MAINTENANCE

B FuNGI BACTERIA

December 3, 19868 Sampie time & minutes
Meaedla: V-0 Agar (Fungl) TSA (Bacterla)
No tungi sample coilacted after cleaning
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Inc.

Springfieid, Missouri

Mid-America dairvmen,

27

HETA 86-

Alr
Supply
Plenum

HEPA Flliter

[\

Heating
Coil

Cooling

Colil &

Panels

10

[ AT

Water
Gun

Note- Booth

bt e = - - o=

Stack

_/ ._ro.ms Dehumlidifier

» Exhaust Air
200 cfm

Fresh

Fan
| Outside
200 ctmimax) 4

t\ \\ /'/t/ﬁ Grating

Approx.
7’Deep

Fig. 9

eer———»= T o

~—_Exhaust Alr

Plenum (1 of 2)

Water

er

T | ms Sew

)

"Booth for Stack Maintenance


adz1

adz1




